Background -Selenium dependent glutathione peroxidase (GPx) reduces hydrogen peroxide (H202) and organic hydrogen peroxides in both normal and pathological states. Chronic dietary deficiency of selenium results in a gradual decrease in GPx and altered response to environmental stress. However, glutathione-S-transferase (GST) isozymes may increase and compensate for chronic GPx deficiency. The pattern ofantioxidant enzyme activity and immunolocalisation of various enzymes in rat lung has not been described in short term (<3 weeks) acute selenium deficiency. Methods -The time course of GPx depletion from rat lung (measured every five days in subgroups of rats) during acute dietary selenium deficiency was evaluated. After 20 days of depletion, enzyme activity of lung GPx, catalase, superoxide dismutase (SOD), glutathione reductase (GR), glucose-6-phosphodiesterase (G-6-PD), and GST were determined. Immunohistochemical localisation of GPx and SOD was also performed. The response to lethal hyperoxia (>95%) in control and selenium deficient rats was then established. Results -At 20 days, lung GPx activity in the rats fed a selenium deficient diet was one third less than in control animals who received a normal diet, while changes in blood enzymes between control and deficient animals were similar. Other lung enzyme activities remained normal with the exception of cyanide inhibited SOD activity measured in selenium deficient rat lungs which declined to -%,50% of normal. Immunohistochemical localisation of GPx showed a generalised loss of the enzyme throughout the lung parenchyma with some possible sparing of activity in epithelial cells of the bronchioles. When exposed to lethal hyperoxia, selenium deficient animals were more susceptible than control rats. Conclusions -This is the earliest time at which dietary selenium deficiency has been shown to produce moderate loss of GPx activity. This change in activity was associated with increased susceptibility to pulmonary oxidant stress. However, the role of decreased SOD activity (presumed to represent copper, zinc SOD), although unexpected, may have been a major contributor to increased damage from hyperoxia. These results emphasise the complex potential interaction of elemental deficiency with the natural antioxidant response to lethal hyperoxia.
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Selenium dependent glutathione peroxidase (GPx) is a primary antioxidant enzyme that reduces hydrogen peroxide and organic hydroperoxides generated by both physiological and pathological processes.' Dietary deficiency of selenium produces gradual loss of GPx and an altered physiological response to environmental stress.4 Rats subjected to chronic deficiency have decreased tolerance to oxidant stress including hyperoxia.58 However, prolonged selenium deficiency with loss of GPx can also trigger increased levels of glutathione-S-transferase (GST) isozymes which provide a nonselenium dependent peroxidase function to compensate for loss of GPx function.9 In this respect, the significance of selenium deficiency to the mechanism of increased susceptibility to environmental oxidant stress is not clear. Nonetheless, given the susceptibility of endothelial cells to hyperoxic damage'°"1 and the apparent reliance ofthis cell type on antioxidant defence mechanisms centred on GPx,'2-14 the suggestion that decreased levels of GPx alone can increase susceptibility to oxidant stress bears consideration. 7 It was hypothesised that short term selenium deficiency could produce a low level of depletion of GPx; this deficiency could be localised to specific lung tissue primarily dependent on GPx for antioxidant defence and would correspond with increased whole animal susceptibility to hyperoxic stress. We have utilised a relatively short dietary depletion of selenium to produce GPx loss without larger shifts in homeostasis that may result in confounding effects. The time course of acute GPx depletion was determined in rat lung and blood during 20 days of feeding with a selenium deficient diet. A broad spectrum of antioxidant enzyme activity was determined for lung and blood along with animal susceptibility to hyperoxia.
The various cell types that constitute the lung do not possess the same complement of antioxidant enzymes'5 and also show differences in the response to xenobiotic toxicants such as hyperoxia." In deficiency studies, cells critical to the development of specific disease processes may show different patterns in the time of depletion. This study therefore also used histological localisation of enzymes by immunological means to determine whether cell populations highly susceptible to oxidant stress may also be primarily depleted of GPx or other enzymes affected by selenium deficiency.
Methods

ANIMAL PREPARATION
The protocols for these experiments were approved by the UW Animal Care Committee. Sprague-Dawley male rats weighing 180-200 g were obtained from the Charles River Breeding Labs (Portage, Michigan, USA) and were certified free of specific bacterial, viral, and parasitic pathogens. The rats were maintained on a 12 hour light/dark cycle and given water and feed ad libitum. Hyperoxic exposure was completed as previously described'6 during which time feeding with selenium deficient or control diets was maintained.
All feed was obtained from Harlan Teklad (Madison, Wisconsin, USA) in the form of a Torula yeast based diet. The selenium deficient diet, TD 92087, contained 3-0 g/kg methionine.817 The control diet, TD 92198, was compounded identically but with the inclusion of 0 15 ppm (,ug/g) sodium selenite.
BIOCHEMICAL AND IMMUNOHISTOCHEMICAL ANALYSIS
The LSAB2 kit and reagents for immunohistochemistry were obtained from Dako Corporation (Carpinteria, California, USA). Whole rabbit antisera to GPx and copper, zinc superoxide dismutase (CuZn SOD) were produced and characterised as previously described'5 and were kindly supplied by Dr Larry Oberley of the University of Iowa. All other reagents were obtained from Sigma Chemical Co. (St Louis, Missouri, USA).
Biochemical assay
Lung samples were collected from rats for biochemical assays and processed as previously described'6 with homogenisation in 50 mM potassium phosphate buffer, pH 7 0, and a single freezing in liquid nitrogen for storage before analysis. Blood contamination of each lung was determined at the time of sample collection by the dithionite index method of Cross et al as modified by Tanswell and Freeman.'819 Sonicated blood samples were frozen and later assessed for biochemical activities at the same time as lung homogenates. The total activity of each homogenate was corrected for the amount of activity contributed by contaminating blood such that all activities are representative of lung tissue only.
Protein concentrations were determined by the bicinchoninic acid method20 and total DNA by the method of Downs and Wilfinger.2' Catalase and GPx, using hydrogen peroxide as substrate, were determined as previously described.'6 GPx activity was defined as 1 jsmol NADPH oxidised per minute and catalase activity was in international units. Glutathione reductase (GR) activity was measured in units of 1 ptmol oxidised glutathione reduced per minute using the method of Goldberg and Spooner.22 Glucose-6-phosphate dehydrogenase (G-6-PD) activity was defined as the reduction of 1 ,umol NADP per minute using the method of Langdon.2" GST activity was determined using 1-chloro-2,4-dinitrobenzene as substrate and was defined as 1 gsmol of product formed per minute. 24 The method of Spitz and Oberley was used to determine total SOD activity25 with each homogenate assayed in a series of dilutions containing from 1-400 [tg protein. Activity was determined from the amount of inhibition of a xanthine/xanthine oxidase standardised reaction. The assay was repeated with inclusion of 5 0 mM sodium cyanide to inhibit CuZn SOD which provides a separate measurement of manganese SOD (Mn SOD) activity. One unit of activity was defined as the protein content producing half maximal inhibition. All spectrophotometric determinations were made using a Beckman DU-7HS spectrophotometer.
Immunohistochemical assay For immunohistochemical analysis rat lung samples were obtained by double perfusion fixation and further treated as previously described,'5 but with the following exceptions.
Four micron sections were cut and collected on slides coated with 3-aminopropyltriethoxysilane (Sigma Chemical Co.). The streptavidin-biotin linked immunostaining reagents used were as supplied by the LSAB2 kit. The greater sensitivity and lower background resulting from these reagents allowed better immunostaining for GPx and CuZn SOD than previously described, although trypsinisation of sections was still necessary for optimal localisation of extracellular GPx in elastic tissue.'5 All sections were immunostained simultaneously using the same reagent preparations and antisera dilutions of 1: 100. Identically treated sections were exposed to normal rabbit serum instead of primary antiserum to serve as a control. Normal rabbit serum was diluted to the same protein concentration as the antisera.
DATA ANALYSIS Statistically significant differences were determined by two-tailed, unpaired Student's t tests. Immunostaining was assessed by two blinded observers.
Results
Rats were placed on control or selenium deficient diets and lung and blood samples were obtained for biochemical analysis at five day intervals for 20 days of feeding, during which a progressive decrease in GPx activity was seen (fig 1) . At all time points the levels of GPx activity for selenium deficient animals were significantly lower than control values. The 20 days of selenium deficient diet produced a loss of over 30% of normal GPx activity. GPx =glutathione peroxidase; GST = glutathione-S-transferase; GR =glutathione reductase; G-6-PD = glucose-6-phosphate dehydrogenase; SOD = superoxide dismutase. .~~~~~~~t '-.., Figure 4 Section of a selenium deficient lung showing loss of glutathione peroxida (GPx) throughout the tissues of the lung following immunolocalisation compared w normal lung section (Jig 3). Note that parenchymal lung immunostaining barely e: that of the normal rabbit serum control (fig 2) . bolising capability.9 However, given the limited data on SOD levels after chronic deficiency and the method of assay used, it would be icy for important to reassess the SOD status ofanimals rmine at both early and late stages of selenium decould ficiency.
Anding
Previous studies of rats fed a selenium de--elated ficient diet for up to 50 days have shown inty was creased susceptibility to hyperoxic lung injury ity to with lung GPx levels of 25-33% those of ocalise controls.67 An additional study with 28 This is the earliest point at which selenium deficiency has resulted in increased pulmonary susceptibility to subsequent oxidant stress. While moderate depletion of GPx was obtained without increases in GST activity, the apparent loss of CuZn SOD activity was unexpected and could contribute substantially to the loss of pulmonary tolerance to the increased reactive oxygen species generated by hyperoxic exposure. This is a finding of considerable significance to the understanding and interpretation of results from models using selenium deficiency and needs to be addressed more fully. These findings further emphasise the complex temporal interaction of elemental deficiencies with the natural antioxidant response to hyperoxia. 
